Received for publication March 2, 1951 The initial report by of the discovery of the antibiotic, neomycin, indicated the over-all spectrum of the drug, but it has seemed of some interest, both theoretical and practical, to inquire into the sensitivities of different strains of bacteria freshly isolated from human sources. Only by studying many strains is it possible to develop a concept of the over-all spectrum of new antimicrobial agents. Thus it is now generally recognized that practically all pneumococci are sensitive to penicillin and that many strains of staphylococci are penicillin-resistant but may be streptomycin-sensitive. It naturally follows that penicillin may be empirically used for pneumococcal infections, whereas in a staphylococcal infection time and expense may be saved if the organism involved is tested for antibiotic sensitivity before therapy. The present work is a report on the sensitivities of 171 strains of organisms commonly encountered in a hospital diagnostic laboratory. Many of the strains tested were unquestionably the pathogen causing the infection, but others represent isolations of normal or abnormal body flora.
MATERIALS AND METHODS
The selection of a broth for sensitivity tests was given some consideration since preliminary tests indicated that a lower sensitivity could be attained with tryptose broth than with Difco dehydrated brain heart infusion broth. For example, a Micrococcus aureus var. pyogenes (Staphylococcus aureus) culture sensitive to 6 units of neomycin when tested in brain heart infusion broth was sensitive to 0.1 unit in tryptose broth. This may possibly be due to the activity of 0.1 per cent glucose since Waksman, Lechevalier, and Harris (1949) have shown that the substance interferes with neomycin activity. However, since a medium was desired that would support the growth of pneumococci and streptococci as well as the less fastidious organisms, the dehydrated brain heart infusion was selected to be used. Consistently reproducible results have been obtained with this medium, as evidenced by the control culture of Klebsiella pneumoniae, which seldom varied from being sensitive to 0.8 units per ml of the drug. Neomycin was diluted from stock saline solutions containing 500, 20, and 1 unit per ml in broth so that graded amounts were contained in 0.5-ml volumes of broth as shown in table 1. To each tube was added 0.5 ml inoculum, and the tests were incubated at 37 C for 48 hours, at which time the sensitivity was recorded as the smallest concentration of antibiotic which completely inhibited growth. When necessary, concentrations above 50 were prepared similarly at 10-unit-interval increases. The inoculum consisted of a 12-to 24-hour broth culture diluted 1: 100, except in the case of the pneumococci and streptococci, which were diluted to the point at which no visible turbidity was present.
In early tests it was found that some species would have a lower sensitivity in 24 hours than they did in 48 hours; thus 48 hours was selected as the optimal time for reading. This problem will be discussed at some length later, in relation to Pseudomonu and Proteus.
Disk-plate sensitivity tests were performed using a stock solution of antibiotic containing 200 units per ml. The results of these tests were correlated with the tube tests. The technique employed was as follows: A 2-mm platinulm loop full of the solution was used to pick up a filter paper disk, which was then deposited on a plate previously inoculated heavily with the organism to be tested. The diameter of the zone of inhibition was measured on the following day and interpreted as described below.
RESULTS
Twenty-three strains of Escherichia coli exhibited a wide range of sensitivity (table 2), some being sensitive to as little as 4 units per ml, but most strains tended to be sensitive to 10 units per ml or even more.
The Proteus and Pseudomons cultures behaved very similarly in that only an occasional strain was sensitive to the lower concentrations, whereas the majority of strains were sensitive to 20 units or more. Some Pseudomonas strains on primary isolation even withstood NM concentrations of 100 units per ml. Final sensitivities with these two species were not recorded until the tube with the lowest concentration of the drug not showing growth was shown to be negative in subculture. In some instances with Pseudomona and Proteus, growth would appear in a negative tube after a week's incubation.
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[VOL. 61 The activity of neomycin against Aerobacter aerogenes and K. pneunoniae closely parallels the recognized similarities of these two organisms in other respects. Practically all strains are extremely sensitive to the drug. Seventeen of 18 Aerobacter strains were sensitive to 4 units per ml or less, and 8 strains of Klebsiella were sensitive to 6 units or less.
Among the gram-positive rods, 7 corynebacteria strains and 2 aerobic sporeformers were highly sensitive, 2 of these being Corynebacterium diphtheriae and another a strain of Bacillus anthracis. On the other hand, 2 strains of Clostridium perfringens resisted high concentrations of the drug.
Most strains of M. aureus var. pyogenes were sensitive to low concentrations of antibiotic, an occasional strain being sensitive in the range of 10 to 20 units per ml. A few strains of pneumococci and beta streptococci were found to be sensitive to low concentrations of the drug, but the end point of most strains was in the range of higher concentrations. The viridans streptococci, and especially the enterococci, also proved to be resistant to higher concentrations of neomycin. An anomalous situation occurred with the pneumococci and streptococci, for which no explanation has been found as yet. If one does a plate-disk test as described above, no zone of inhibition is ever seen with the pneumococci and streptococci, and yet it is possible to demonstrate inhibition by the drug in tube tests.
Since the capabilities of organisms to develop resistance to antibiotics is well recognized, 10 strains of various organismns were tested to see whether they could be made to withstand increased concentrations of neomycin. Subcultures were made from the tube containing the highest concentration of the drug which 1951] showed growth in the first sensitivity test and were used as the inoculum for a second sensitivity test with a series of higher concentrations of the drug. A third transfer was similarly made and the organism transferred into still higher concentrations of the drug. The results (table 3) suggest that at least two of the species examined possess tremendous potentialities for the development of resistance. Three strains of Protu, initially able to grow only in 10 and 40 units of neomycin, rapidly developed the power to grow in 960 units of drug. Four strains of Pseudomonas behaved in a similar fashion, and one strain of E. coli originally able to grow in concentrations of the drug no greater than 6 units per ml grew in 100 units per ml on the third transfer. In contrast, another E. coli strain and one of K. pneumoniae showed little ability to develop resistance. The foregoing results are in general agreement with the work of ), Felsenfeld, Volini, Ishihara, Bachman, and Young (1950 , Warth, Chandler, and Bliss (1950) , and Waisbren and Spink (1950) . Results not in accordance could be explained on the basis of the longer incubation period used in the present study, as at least two of the authors cited above read their tests after 18 and 20 hours' incubation.
It is apparent that the gram-negative bacilli exhibit a wide range of susceptibility to neomycin; at one extreme is A. aerogenes and K. pneumoniae, both of which are extremely sensitive to low concentrations of the drug, and, although occasional strains of Proteus and Pseudomonas were quite susceptible, the majority of strains were killed only by high concentrations of the drug. E. coli lay somewhere between these two extremes, showing a large number of strains of moderate sensitivity and only an occasional resistant strain.
Although streptomycin is not generally thought of as being active against gram-positive organisms, from time to time in the author's experience strains of the Bacillaceae and of Corynebacterium have been sensitive to that agent. Thus, since neomycin has a bacterial spectrum similar to that of streptomycin, it is not surprising that 9 strains of gram-positive rods were very sensitive to the newer drug.
It has been apparent for some time that many strains of staphylococci were streptomycin-sensitive, and similarly it appears that an even higher percentage of staphylococci are sensitive to low concentrations of neomycin, 14 of 22 strains being sensitive to 4 units or less. In the routine plate-disk tests examined during the course of a year, no staphylococcus has been found to be resistant to the drug.
Pneumococci and streptococci exhibited wide variations in their sensitivities to neomycin; occasional strains were quite sensitive, but in general they were rather resistant to the drug. It should be pointed out that with these grampositive cocci an anomalous situation exists with respect to the correlation between the disk-plate sensitivity test and the tube test. With all other organisms tested a zone of as much as 25 mm in diameter might be expected to occur with a highly sensitive organism (table 1). More resistant organisms gave a smaller zone, and one sensitive to 8 units in the tube test could be expected to grow almost up to the edge of the filter paper disk. Those strains sensitive to 10 units of neomycin or more showed a slight zone around the disk, but too small to be of any quantitative value. However, no zone of inhibition was ever noted with the pneumococci and streptococci when tested by the plate method, even when a tube test indicated the organism to be rather sensitive to the antibiotic. No immediate explanation was evident for this phenomenon; however, if one of the three fractions in the neomycin complex described by Swart, Hutchison, and Waksman (1949) happened to be active against the streptococci and pneumococci and at the same time only poorly diffusible through the agar, such a result might be obtained.
The findings in this work have some taxonomic interest since they bring together many of the gram-negative rods, the micrococci, the corynebacteriae, and some but not all of the sporeforming gram-positive rods. Here we have groups of bacteria heterogeneous by all other criteria, many strains of which are sensitive to neomycin. Although neomycin differs from streptomycin in individual strains, experience from daily readings of disk-plate sensitivity tests indicates that streptomycin also is active against the same general groups of organisms mentioned above. The common denominator in these heterogeneous groups of bacteria might serve as a further clue to the mode of action of these two drugs.
In the original description ) the drug was described as having high bactericidal properties. The present report confirms those findings with respect to most bac.teria. Neomycin killed Klebsiella and Aerobacter readily in 24 hours. With E. coli, coliform bacilli, and some staphylococci borderline tubes were observed in which there was no growth in 24 hours; but subcultures were positive, and growth occurred upon further incubation. The situation in regard to Proteus and Pseudomornas is entirely different in that neomycin was bacteriostatic with some strains for as long as 5 to 7 days, at the end of which time growth would suddenly appear. For example, one strain isolated from a case of osteomyelitis was tested, and the sensitivities recorded on the first, second, third, and fifth days were, respectively, 4, 20, 40, and 50 units. Although it might be held that after a week at 37 C the original concentration of the drug had been depleted, uninoculated tubes containing measured amounts of the drug have been tested after 10 days at 37 C, and little or no decrease in neomycin has been found. Thus it would seem that any statement concerning the sensitivities of these two genera should mention the incubation period.
Furthermore, these two species have considerably more potentiality for the development of resistance than do some other bacteria, as evidenced by their ability to be brought stepwise to withstand many times the concentration of neomycin that they were able to endure on primary isolation. In some instances (table 3) this represented a 100-fold increase in toleration of the drug. At present, one strain of Pseudomonas has been trained to grow in 2,000 units of the drug. In contrast, one strain of E. coli and another of K. pneumoniae showed little tendency to develop increased resistance to neomycin. Obviously these peculiarities of Proteus and Pseudomonas strains have some practical aspects in the selection of a drug for therapy.
SUMMARY AND CONCLUSIONS
The sensitivity to neomycin of 171 freshly isolated human pathogens is reported.
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